Cerebral blood flow was measured by the Hz clearance method 30 and 60 min after the implantation of 300, 250, 125, or 50 !--l m diameter platinum-iridium elec trodes 2 mm deep into the right parietal cortex of normo thermic, normocarbic halothane-anesthetized rats. An other group of animals had 50 !--l m electrodes inserted I mm. In all animals, the presence or absence of a wave of spreading depression (SD) was noted at the time of im plantation, with recordings made with glass micropi pettes. H2 flow values were compared with those mea sured in gray matter from the same anatomical region (but from different rats), using [
The hydrogen clearance method for the measure ment of CBF offers several advantages over other techniques. It permits the simultaneous determina tions of local CBF in multiple sites. These measure ments can be repeated many times over periods ranging from hours to days. The method is also technically simple to perform and requires rela tively inexpensive equipment. However, in spite of the widespread use of this technique, questions re-obtained with 50 !--l m electrodes inserted only 1 mm. Cor tical gray matter blood flow measured with [ 3 H]nicotine was 154 ± 35 ml 100 g � 1 min � I. When the role of SD in subsequent flow measurements was examined, there was a gradual increase in CBF between 30 and 60 min after electrode insertion in those animals with SD, while no such change was seen in rats without SD. These results indicate that the choice of electrode size and implantation depth influences the measurement of CBF by H2 clear ance. CBF values equivalent to those obtained with iso topic techniques can be acutely obtained with small (50 !--l m diameter) electrodes inserted I mm into the cortex. While the occurrence of SD does influence CBF in the period immediately after implantation, a relationship be tween electrode size and measured flow is present that is independent of SD. Key Words: Cerebral blood flow Methodology-Hydrogen clearance-Spreading depres sion-Brain injury.
garding its validity have been recently raised. It has been known for many years that in spite of good correlations between CBF values determined by H2 clearance and other flow measurement methods, the absolute values obtained with H2 clearance are often lower than those obtained with other tech niques. For example, Furlow measured CBF of 80 ml 100 g � 1 min � 1 in the rostral neocortex of awake (but paralyzed) rats using implanted 200 /-lm diam eter platinum electrodes (Furlow, 1982) . In con trast, using e 4 C]iodoantipyrine autoradiography, a flow of 139 ml 100 g -1 min -1 was obtained for the same area (in a separate group of animals). More importantly, Tomida et al. measured regional CBF in gerbils by H2 clearance (using a 250 /-lm diameter electrode) and by either eH]nicotine or e 4 C]iodoantipyrine methods (Tomida et aI., 1989) .
Unlike Furlow, both H2 clearance and isotopic mea surements were made in the same animal. Compar isons were made immediately after electrode inser tion, and for up to 24 h after. All methods yielded comparable regional flows, and all three revealed a profound reduction in CBF (compared with gerbils who did not undergo electrode implantation) lasting for 3-6 h after insertion. The precise mechanism by which this flow reduction occurred was not known, but Tomida et al. suggested a similarity to that fol lowing spreading depression (SD) elicited by a cor tical stab wound (Lauritzen et aI., 1982; Lauritzen, 1984; Druckow, 1991) . In fact, these authors noted prolonged flow changes following only a brief pe riod of electrode insertion and subsequent removal. Similar CBF reductions were noted by Benveniste et al. after the insertion of a 300 ILm diameter mi crodialysis fiber, again suggesting that tissue injury may be the most important factor (Benveniste et al., 1987) . These findings are clearly troubling for laborato ries that employ H2 techniques, particularly for acute studies. However, it is possible that they may not be uniformly applicable. For example, Tomida et al. employed rather large electrodes implanted into the basal ganglia in the relatively small gerbil brain. Preliminary work in our laboratory showed that while electrodes of this size (e.g., 250-300 ILm diameter) invariably triggered a wave of SD, small electrodes did not. Therefore, to better define the limitations of the H2 method when used for acute studies, we sought to characterize a number of is sues related to electrode implantation. In particular, we attempted to determine the role of electrode size on (a) the incidence of SD and (b) on measured CBF. In addition, we examined our data to define any relationships between observed flow values and the occurrence of SD.
MATERIALS AND METHODS
All aspects of this study were approved by the Univer sity of Iowa Animal Care and Use Committee. Ninety three Sprague-Dawley rats, weighing 340-440 g (386 ± 20 g, mean ± standard deviation), were anesthetized with 4% halothane in 100% oxygen. After infiltration of the tissue with 1% lidocaine, a tracheotomy was performed and mechanical ventilation started (Harvard rodent ven tilator, Model 683, South Natick, MA, U.S.A.), with a tidal volume of =3 ml, and a rate of 50-60 breaths/min. Anesthesia was maintained with 1 % halothane in an ox ygen/air mixture (FiOz = 0.40). Muscle relaxation was provided initially with 0.9 mg of d-tubocurarine given subcutaneously. An esophageal thermistor was then placed and thereafter temperature was maintained at 37-39°C using a warming blanket and lamp. One femoral vein and artery were then cannulated for drug/fluid adminis-tration and for blood sampling and arterial pressure mon itoring (again after lidocaine infiltration). Mean arterial pressure (MAP) was thereafter maintained at >80 mm Hg, with donor blood given as needed. Hematocrit and arterial pH, PaCOz, and Pa02 were measured intermit tently and, if necessary, ventilation was adjusted to main tain arterial PaOz > 100 mm Hg and PaCOz between 36 and 42 mm Hg.
When vascular cannulations were complete, the ani mals were turned prone, and the head fixed in a stereo tactic frame (David Kopf Instruments, Tujunga, CA, U.S.A.). A right-sided frontoparietal craniectomy was performed under a surgical microscope, using a high speed electric drill. The size of the craniectomy was ap proximately 5 x 12 mm, with the anterior margin located =5 mm anterior to the coronal suture, and the medial margin = 1-2 mm lateral to the midline. The site of drilling was irrigated with cool saline to avoid thermal injury. Care was taken to leave the dura intact. In all animals, surgical preparation time was limited to 90 min.
After surgery was completed, a saline-filled glass mi croelectrode with a tip diameter of =5 f.Lm was inserted, using a micromanipulator, through the dura and =0.20-0.25 mm into the cortex. The insertion site was located =3 mm posterior to the frontal edge of the craniectomy. Dural and cortical blood vessels were carefully avoided. The electrode was referenced to a Ag/AgCl disk (3M, Red Dot, St. Paul, MN, U.S.A.) placed on shaved skin on the animals' backs. The dc potential was recorded via a Grass 7P122 amplifier (Grass Instruments, Quincy, MA, U.S.A.) with a high impedance input device.
Protocol
Spreading depression. Five minutes after insertion of the glass micropipette, a platinum-iridium needle elec trode was inserted 2 mm into the cortex, using a micro manipulator, at a location 5-6 mm posterior to the glass electrode. Four different sizes of electrode were studied, one in each rat: 300 f.Lm (n = 22), 250 f.Lm (n = 24), 125 f.Lm (n = 24), or 50 f.Lm (n = 23). The occurrence of SD was identified by the characteristic appearance of a tran sient change in dc potential typically occurring 1-2 min after electrode insertion (Hansen and Zeuthen, 1981) . (In preliminary studies, we verified that placement of a sec ond glass microelectrode did not trigger SD. In addition, recordings made from the primary recording electrode during cortical penetration also failed to demonstrate any evidence of depolarization.) Reliability of the recording system was verified at the end of each experiment by observation of terminal depolarization produced by the administration of 100% NzO via the ventilator circuit.
Platinum electrodes. The 300 f.Lm electrodes were Grass platinum-iridium subdermal needles, type E2 (Grass Instruments). The 250, 125, and 50 f.Lm diameter electrodes were constructed from 90% platinum/lO% irid ium wire. The tips were electrochemically etched (in a 6 M NaCN in 20% NaOH solution) to a geometry that was as uniform as possible across the various sizes and this was controlled microscopically. In particular, the tips were smoothly tapered to a point over only the distal 400-500 f.Lm of the wire. The wire was then insulated with glass, leaving an exposed tip 2 mm long.
Hydrogen clearance CBF measurements. Approxi mately 4 min after insertion of the platinum electrode, notation was made regarding the occurrence (or absence) of SD. The dura was then covered with light mineral oil, and the platinum electrode was polarized to + 250 m V relative to the Ag/AgCl reference. After stabilization, 5-8% H2 was added to the inhaled gas mixture. When a plateau had been achieved, H2 administration was stopped. The washout curve was simultaneously passed to a chart recorder and to an IBM AT computer. CBF was calculated "on line" using the TI/2 method (Waltz et aI., 1972) . CBF was measured 30 and 60 min after electrode insertion. In all cases, only noise-free curves were ac cepted.
f H]Nicotine CBF measurement. In an additional 12 rats, CBF was measured in cortex using the eHlnicotine indicator-fractionation method (Van Uitert and Levy, 1978; Ohno et aI., 1979; Tomida et aI., 1989) . Anesthesia and physiologic management were identical to above. Bi lateral femoral arterial and venous catheters were placed to allow for pressure monitoring as well as tracer infusion and withdrawal. No craniotomy was performed, and an imals were not placed into a stereotactic frame. At a point in time relative to the induction of anesthesia that was identical to the 60 min postinsertion interval in the H2 groups, 35-50 ILCi of [3Hlnicotine (New England Nu clear, Boston, MA, U.S.A.) in 0.6 ml of saline was in fused via the femoral vein at a constant rate of 0.726 ml/min, while arterial blood was simultaneously with drawn at the same rate into a preweighed syringe. The infusion/withdrawal time was 40 s. The animals were then killed by microwave irradiation (9 kW for 770 ms). (Mi crowave irradiation allows rapid in situ fixation of the brain and blood. Direct thermister measurements indicate that 8 kW of incident microwave power raises the brain tissue temperature to values of >80°C within 600-800 ms, thereby denaturing all proteins. The unit used is a Cober Electronics Vivostat.) Cortical brain tissue samples (=2 x 2 mm and =1.5 mm deep) were dissected immediately from both hemispheres and any underlying white matter was carefully removed. The samples were taken from ap proximately the same region in which the platinum elec trodes were placed for the H2 clearance determination. The brain samples were placed on preweighed glass cov erslips, weighed, and then placed in 20 ml scintillation vials. One milliliter of tissue solubilizer (TS-I, Research Products International Corp., Mt. Prospect, IL, U.S.A.) was added to each vial. The vials were capped and heated overnight in an oven at 50°C. The samples were neutral ized with 35 ILl of glacial acetic acid and suspended in 17 ml of 3a70 scintillation cocktail (Research Products Inter national Corp.). The vials were protected from light for 4 days before counting in a Tracor Mark III 6880 Liquid Scintillation System (TM Analytic, Middleton, WI, U.S.A.).
Five hundred units of heparin (0.5 m!) were added to the arterial blood sample. The sample was then weighed. Five 50 ILl aliquots were pipetted into separate scintilla tion vials and 0.6 ml of TS-I was added to each. The vials were incubated at 50°C for 20 min. They were then de colorized with 200 ILl of benzoyl peroxide and heated at 50°C for an additional 30 min. After adding 15 ILl of glacial acetic acid and 17 ml of 3a70, the vials were kept over night at 50°C. They were then kept in the dark 4 days before counting.
CBF was calculated as described by Van Uitert and Levy (1978) .
Additional studies
Upon completion of data analysis for the five groups described above (four with implanted platinum electrodes J Cereb Blood Flow Metab, Vol. 12, No.2, 1992 and one for eHlnicotine flow determinations), an addi tional two groups were studied. In the first, 50 ILm elec trodes were implanted as above, except that the insertion depth was limited to 1 mm (n = 15). These platinum electrodes were also insulated with glass, leaving an ex posed tip of 1 mm. In a second group of 13 rats, CBF was determined using the eHlnicotine technique, but after the performance of a right-sided craniectomy as in the SD/H2 clearance animals. These rats were killed by either mi crowave irradiation or decapitation, and cortical tissue was sampled as noted above.
Statistical methods
All blood pressure and arterial blood gas/pH data were examined using one-way ANOV A with post hoc Student Newman-Keuls tests. H2 clearance CBF data were ex amined initially with a two-way ANOV A with time fol lowing electrode implantation (30 vs. 60 min) treated as a repeated measure. A comparison of flow values obtained at 60 min after implantation and of H2 versus isotopic flow values was examined using one-way ANOV A with post hoc Student-Newman-Keuls tests. A p value of 0.05 was accepted as significant. The incidences of SD with different-sized electrodes were examined using contin gency tables. The relationships between the occurrence of SD and subsequent CBF determined by H2 clearance was examined using a two-way factorial ANOV A. All statistical analyses were performed using Statview SE and Super ANOV A (Abacus Concepts, Berkely, CA, U.S .A). Values presented are mean ± standard deviation where appropriate.
RESULTS

Electrode size and the incidence of spreading depression
To determine the role of electrode size on the initiation of SD, data were analyzed only from those animals in which (a) SD was clearly evident on elec trode insertion, or (b) in the absence of SD, terminal anoxic depolarization was present upon completion of the study. A total of 82 animals were available for analysis: 300 J-I-m, n = 20; 250 J-I-m, n = 17; 125 J-I-m, n = 16; and 50 J-I-m x 2 mm, n = 17; 50 J-I-m x 1 mm, n = 12. At the time of electrode insertion, MAP = 96 ± 8 mm Hg, Pa02 = 134 ± 25 mm Hg, PaC02 = 39 ± 3 mm Hg, and pH = 7.41 ± 0.03 (pooled data, with no differences between groups).
The incidence of SD versus electrode size is shown in Fig. 1 . There was a clear relationship, with the incidence increasing progressively from 0% in both 50 J-I-m electrode groups, to 60% with 300 J-I-m electrodes.
Electrode size and measured CBF
To determine the role of electrode size on mea sured CBF, data were analyzed from those rats in which noise-free H2 washout curves were obtained 60 min after implantation, regardless of the pres ence or absence of SD. MAP, blood gases, and tem perature did not differ between groups. Combined mean values at 60 min after electrode implantation (or at an equivalent point in isotope flow groups) were as follows (all groups combined): MAP = 10 1 ± 9 mm Hg, Pa02 = 132 ± 21 mm Hg, PaC02 = 40 ± 2 mm Hg, pH = 7.4 1 ± 0.03, and rectal temper ature = 38.5 ± 0.6°C. Data and statistical comparisons of the H2 clear ance groups as well as the two eH]nicotine indica tor-fractionation flow groups are shown in Table I . There was a progressive increase in measured flow with decreasing electrode size. For example, 60 min after insertion, CBF as measured with 300 fLm elec trodes was only 77 ± 21 ml 100 g -) min -), while that measured with a 50 fLm electrode inserted a similar depth into the cortex (2 mm) was 111 ± 16 ml 100 g -I min -I. When the insertion depth was reduced to 1 mm, CBF measured with a 50 fLm elec trode increased to 155 ± 60 ml 100 g -) min -), a value that was statistically indistinguishable from isotopically determined cortical CBF. Note the larger variability in these H2 flows, compared with those measured using nicotine (i.e., a coefficient of variation of 38% for the H2 group versus 17 and 28% for the two nicotine groups). There were no signif icant differences between the two nicotine groups, indicating that performance of the craniectomy (dura closed) had no effect. (Note also that both left and right cortical flows were measured in the nico tine/craniectomy group, and there were no side to side differences. Again, this indicates the lack of any surgical injury.)
The relationship between CBF, spreading depression, and time
To determine the influence of SD on subsequent CBF measurements, data were analyzed only from animals in which the dc recording system was op timal (i.e., either SD or terminal depolarization were observed) and in which good quality flow curves were obtained at both 30 and 60 min after electrode implantation. Since SD never occurred in either of the two 50 fLm electrodes groups, these animals were excluded from the analysis.
As can be seen in Table 2 , an increase in CBF between the 30 and 60 min recordings was seen only in those electrodes that elicited a wave of SD at the time of implantation. This increase was significant for both 300 and 250 fLm electrodes (only three an imals with 125 fLm electrodes had SD, and hence significance was not achieved). By contrast, there were no differences between 30 and 60 min flows in those animals in which SD was not observed. Con trast analysis indicated that the 60 min flow values did not differ between the + SD and -SD sub groups. In addition, within the -SD subgroup, there remained an effect of electrode size, with smaller electrodes resulting in higher flow values.
DISCUSSION
The polarographic technique using hydrogen was first described for the measurement of blood flow by Aukland et al. (1964) , and was first used to de termine CBF by Fieschi et al. (1965) . It is now a well established and widely accepted method for local CBF measurement in experimental conditions (Young, 1980; Farrar, 1987) . The technique offers a number of advantages over other flow techniques. For example, it allows repeated flow determina tions over prolonged periods of time, it is techni cally simple to carry out, and is quite inexpensive in comparison with other methods.
In spite of these advantages, CBF values ob tained by the H2 clearance technique are generally lower than those obtained by most other techniques (e.g., Furlow, 1982) . Several authors have sug gested that tissue injury resulting from electrode in sertion into the brain is the likely explanation for this observation, especially in small animals (Brock et al., 1967; Pasztor et al., 1973; LaMorgese et al., 1975) . Consequently, a number of modifications in tended to reduce the degree of tissue injury have been proposed. These include electrochemical etch ing of the electrodes to a sharp and smooth tip, improved coating and insulating, use of smaller electrodes, insertion of electrodes with a microma nipulator, etc. (Farrar, 1987) . Unfortunately, such maneuvers do not appear to have resolved the prob lem. Furthermore, histologic studies have not con sistently revealed any damage (Benveniste et al., 1987; Tomida et al., 1989) , or, when minimal dam age is noted, it does not always appear to be asso ciated with low flows (Jackowski et al., 1989) . These concerns led to the recent work of Tomida et al., who suggested that the lower CBF values ob tained by H2 clearance are neither measurement ar tifact nor the consequence of identifiable histopath ologic damage (Tomida et al., 1989) . Instead, it was suggested that measured flows are both accurate J Cereb Blood Flow Metab, Vol. 12, No.2, 1992 and associated with electrode placement. These au thors demonstrated that the simultaneous measure ment of CBF in a defined anatomical region by both H2 clearance and by radioactive tracers (eH]nico tine and [1 4 C]iodoantipyrine) yielded essentially identical values. However, CBF values from both techniques changed over time, with low values present immediately after electrode implantation, while near normal values (as defined by isotopic measurements in animals that had never undergone electrode placement) were obtained by 3-6 h after insertion. It was also observed that flow reductions (determined by isotope) could be produced even if the electrode was inserted and then immediately re moved. Since histopathologic injury was not evi dent, it was suggested that the reduced CBF values might be related to electrode-triggered SD. In fact, the time course of observed flow changes was very similar to that observed by others after the induc tion of SD (Lauritzen et al., 1982; Lauritzen, 1984; Druckow, 1991) . Benveniste et al. (1987) offered the same explanation for low initial flows obtained fol lowing the implantation of a microdialysis fiber in the brain-a fiber whose diameter (300 /-Lm) is es sentially the same as many electrodes used for flow determinations.
In reviewing the literature on H2 clearance, one finds a striking number of comments regarding the importance of such factors as electrode size and configuration on the resultant flow values. How ever, in spite of such comments, we have been un able to find any systematically obtained data re garding these issues. In fact, the only comparative study is that by LaMorgese et al., who described an experiment in cats intended to compare flows ob tained with 50--450 /-Lm diameter electrodes with CBF as measured by microspheres. Unfortunately, while they did note that their largest electrodes seemed to be associated with deranged autoregula tion, they did not report any absolute CBF results relative to electrode size (LaMorgese et al., 1975) . In view of these deficiencies, the current study was undertaken to determine (a) whether electrode size influences CBF as measured by H2 clearance, (b) whether electrode size influences the incidence of SD, and (c) whether the occurrence of SD elicited by a platinum electrode influences Hz CBF values measured using this electrode. We implanted plati num electrodes of different diameters (5�300 f.Lm) into the cortex. The electrodes were constructed with platinum/iridium wire and the tips were elec trochemically etched to smooth, tapered points in as uniform a fashion as possible. Prior to implanta tion, a glass micropipette was placed to determine whether or not SD was elicited. Our Hz flow mea surements were compared to CBF measured in an anatomically similar area of cortex (in separate groups of rats) by the [3H]nicotine indicator fractionation method.
Our results clearly confirm the widespread belief that cortical CBF measured with relatively large electrodes (25�300 f.Lm) is indeed lower than corti cal CBF determined by radioactive tracer methods. The fact that measured flow values are related to electrode size/position is evidenced by the observa tion that identical CBF values were obtained with Hz clearance and eH]nicotine when small elec trodes (50 f.Lm) were used and the implantation depth was limited to 1 mm. It is possible that tissue injury was reduced by use of smaller electrodes. It is also possible that differences are related to the volume of tissue in which H2 washout was being observed. Inserting an electrode 2 mm into rat cor tex places the tip near the gray matter-white matter junction. At an insertion depth of 2 mm, it is pos sible that pure cortical flow values were not mea sured because of intercompartmental diffusion (von Kummer and Herold, 1986; von Kummer et aI., 1986) and contribution of white matter flows. In contrast, inserting electrodes only 1 mm presum ably resulted in a more selective sampling of gray matter flow. This might explain the correspondence between H2 flow values obtained with 50 f.Lm elec trodes inserted only 1 mm and those measured with [3H]nicotine, since only exclusively gray matter was sampled for isotopic flow measurements. How ever, we consider this explanation unlikely, since the electrodes were uninsulated for the entire im planted length. As a result, the weighted contribu tion by any white matter adjacent to the distal end should have been very small and should have had a negligible effect on flow as calculated by the TII2 method. It should also be similar for the four differ ent electrode sizes. Furthermore, when we examine the shape of our curves by replotting them in a semilogarithmic fashion, we find that the incidence of monoexponential versus polyexponential curves did not vary with either electrode size or depth. For example, 44% of the curves obtained with 300 f.Lm electrodes (2 mm deep) were monoexponential, and 56% were polyexponential. With 50 f.Lm electrodes inserted only 1 mm, the incidences were 45 and 55%, respectively. SD in response to a noxious stimulus of the cor tex, e.g., a needle stab, was first described by Leao (1944) and reported innumerable times since. Our results clearly show that while electrodes with a diameter of 25�300 f.Lm commonly triggered SD, such an event was much less likely with smaller electrodes. SD was never seen with 50 f.Lm elec trodes, irrespective of the depth of insertion. SD was also never seen with 5 f.Lm diameter glass mi cropipettes. These observations may shed some light on the mechanism by which the insertion of an object into brain can elicit SD. It has been shown by Hubschmann and Kornhauser (1980) that blood in the subarachnoid space overlying the cortex can trigger SD. However, since microscopic inspection of the cortex during implantation of our electrodes showed no visible hemorrhage, this cannot be the entire explanation. More importantly, preliminary studies demonstrated that even with large (300 f.Lm) needles, SD could only be elicited when the needle had been inserted to between 0.5 and 1.0 mm into the cortex. This roughly corresponds with passage of the needle through the superficial avascular layer of the cortex (lamina molecularis) into the much better perfused cortical layer II. However, we have anecdotally observed that sudden movement or jar ring of the stereotactic frame or micromanipulator can trigger SD long after initial implantation, even with 50 f.Lm electrodes. It is hence possible that sim ple mechanical distortion of cell bodies or dendrites in deeper cell layers, either by insertion of a large needle or by sudden lateral movement of a small needle, may be sufficient to trigger local depolar ization that then propagates. These observations have been made by others before and have been summarized extensively by Bures (Bures et aI., 1974) , who suggested that a minimum number of neurons must be activated to trigger a wave of SD.
The results discussed above show that electrode size influences both CBF and the incidence of SD. This does not, however, directly prove that SD is the cause for low flow values obtained by Hz clear ance. When the 300 and 250 f.Lm groups were sub divided into animals with and without SD, no sig nificant differences in CBF were seen at 60 min after insertion (a difference was seen with 125 f.Lm electrodes, but since there were only three animals with SD, no statistical conclusions can be drawn). This would indicate that some factor other than SD is acting to influence blood flow. We did observe one event that was clearly related to SD, and that was the stability of flow values measured between 30 and 60 min after electrode insertion. In animals in which SD occurred, CBF was significantly lower at 30 min after implantation compared with that seen at 60 min. No significant differences were found for CBF at 30 and 60 min in animals with out SD.
It is of interest to point out that CBF values were not influenced by the performance of a craniectomy per se, since flows obtained with the eH]nicotine method were the same in animals with or without a craniectomy. Also, CBF values were identical for the right and the left hemispheres in eH]nicotine animals with only a right-sided craniectomy (data not shown). We should note that in preliminary studies in our laboratory, in which craniectomies were drilled without the use of an operating micro scope, e4C]iodoantipyrine autoradiographs showed clear reductions in CBF at the surgical site, possibly due to thermal injury. This finding suggests that while we could not demonstrate a surgical effect in our experiment, less careful attention to drilling technique may influence CBF.
CONCLUSIONS
There is a clear relationship between electrode size and the incidence of SD. While SD followed implantation of 50--60% of larger electrodes (250 and 300 fLm), it was never seen with 50 fLm elec trodes. There was also a relationship between elec trode size (and possibly implantation depth) on measured cortical CBF; CBF measured with a 300 fLm electrode inserted 2 mm into the cortex was approximately 70% that of a 50 fLm electrode in serted the same distance, and 50% that of a 50 fLm electrode inserted only 1 mm. CBF values mea sured with the 50 fLm electrodes inserted 1 mm were very similar to those measured in separate animals with isotopic methods (155 ± 60 vs. 154 ± 35 mllOO g-I min -I, both nicotine groups combined), al though there was greater variability. When the re lationship between SD elicited by the platinum elec trode and CBF values measured with that electrode was examined, we found that SD was followed by a gradually rising flow over the first 60 min after im plantation. However, any influence of SD on CBF had apparently disappeared by 60 min. There was also a CBF effect of electrode size that was inde pendent of the occurrence of SD. These results sug gest that accurate (but perhaps more variable) cor tical flow data can be obtained using the H2 method J Cereb Blood Flow Metab. Vol. 12, No.2, 1992 if small diameter electrodes are used and the depth of implantation is limited.
